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(57) ABSTRACT 

The present invention relates to a graft copolymer for trans 
parent thermoplastic polyurethane resin, a preparing method 
thereof and a polyurethane resin composition comprising the 
same, more precisely a graft copolymer for transparent ther 
moplastic polyurethane resin prepared by graft copolymer 
ization of (a) 50-85 weight % of rubber latex having multi 
layered structure composed of an inner layer and an outer 
layer comprising a conjugated diene monomer and an ethyl 
enically unsaturated aromatic compound in which the refrac 
tion index of the inner layer is greater than that of the outer 
layer; and (b) 15-50 weight % of a C-C vinyl monomer. 
The present invention provides a thermoplastic polyurethane 
resin composition having excellent color properties, calen 
daring properties, low temperature impact strength and trans 
parency. 
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GRAFT COPOLYMER FORTRANSPARENT 
THERMOPLASTIC POLYURETHANE RESIN, 
PREPARATION METHOD THEREOF, AND 
POLYURETHANE RESIN COMPOSITION 

CONTAINING THE SAME 

TECHNICAL FIELD 

0001. The present invention relates to a graft copolymer 
for transparent thermoplastic polyurethane resin, a prepara 
tion method thereof and a polyurethane resin composition 
containing the same, more precisely a graft copolymer for 
transparent thermoplastic polyurethane resin prepared by 
graft-copolymerization of rubber latex having multi-layered 
structure in which refraction index of the inner layer is higher 
than that of the outer layer, a preparation method thereof and 
a thermoplastic polyurethane resin composition having 
excellent color properties, calendaring properties, low tem 
perature impact strength and transparency comprising the 
SaC. 

BACKGROUND ART 

0002 To improve low temperature flexibility of transpar 
ent thermoplastic polyurethane (referred as “TPU hereinaf 
ter) resin, the resin composition composed of TPU resin and 
graft rubber has been studied for a long while. 
0003 U.S. Pat. No. 3,049,505 (granted on Aug. 14, 1962) 
and U.S. Pat. No. 4.317,890 (granted on Mar. 2, 1982) 
describe a TPU resin composition composed of ABS (acry 
lonitrile-butadiene-styrene) graft copolymer and TPU resin. 
However, the problem of these inventions is the final resin 
composition becomes opaque owing to the difference of 
refraction index between the two major components. 
0004. Therefore, it is urgently requested to develop a novel 
TPU resin composition with improved transparency and low 
temperature impact strength as well. 

DISCLOSURE OF INVENTION 

Technical Problem 

0005. It is an object of the present invention, to overcome 
the above problem, to provide a graft copolymer for transpar 
ent thermoplastic resin having multi-layered structure in 
which refraction index of the inner layer is greater than that of 
the outer layer, and a preparation method of the same. 
0006. It is another object of the present invention to pro 
vide a thermoplastic polyurethane resin composition having 
excellent color properties, calendaring properties, low tem 
perature impact strength and transparency comprising the 
graft copolymer. 

Technical Solution 

0007. The above objects and other objects of the present 
invention can be achieved by the following embodiments of 
the present invention. 
0008 To achieve the above objects, the present invention 
provides a graft copolymer for transparent thermoplastic 
resin prepared by graft copolymerization of (a) 50-85 weight 
% of rubber latex having multi-layered structure composed of 
an inner layer and an outer layer comprising a conjugated 
diene monomer and an ethylenically unsaturated aromatic 
compound in which the refraction index of the inner layer is 
greater than that of the outer layer; and (b) 15-50 weight% of 
a C-C vinyl monomer, and a preparation method of the 
SaC. 
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0009. The present invention also provides a transparent 
thermoplastic polyurethane resin composition comprising 
5-50 weight% of the graft copolymer for transparent thermo 
plastic polyurethane resin and 50-95 weight% of transparent 
thermoplastic polyurethane resin. 
0010. The present invention is described in detail herein 
after. 
0011. The present inventors confirmed during the produc 
tion of a transparent thermoplastic polyurethane resin com 
position composed of TPU resin and graft copolymer that the 
properties of the transparent thermoplastic polyurethane resin 
composition Such as color properties and low temperature 
impact strength could be improved via multi-step polymer 
ization by regulating the refraction indexes of the inner and 
outer layers of rubber latex having multi-layered structure 
which was used as a Substrate of the graft copolymer. Based 
on this confirmation, the present inventors completed this 
invention. 
0012. The graft copolymer for transparent thermoplastic 
polyurethane resin of the present invention is prepared by 
graft copolymerization of (a) 50-85 weight% of rubber latex 
having multi-layered structure composed of an inner layer 
and an outer layer comprising a conjugated diene monomer 
and an ethylenically unsaturated aromatic compound in 
which the refraction index of the inner layer is greater than 
that of the outer layer; and (b) 15-50 weight % of a C-C, 
vinyl monomer. 
0013 The rubber latex having multi-layered structure is 
composed of a conjugated diene monomer and an ethyleni 
cally unsaturated aromatic compound. 
0014. The conjugated diene monomer plays a role in 
increasing impact strength by absorbing impact given from 
outside and is one or more compounds selected from the 
group consisting ofbutadiene, isoprene and chloroisoprene, 
but not always limited thereto. 
0015 The ethylenically unsaturated aromatic compound 
plays a role in inhibiting light scattering generated by the 
difference of refraction index by regulating the refraction 
index of rubber latex to the same level as the refraction index 
of TPU resin and maintaining transparency, which is one or 
more compounds selected from the group consisting of Sty 
rene, alpha-methylstyrene, isopropenylnaphthalene, vinyl 
naphthalene, alkylstyrene in which one or more hydrogens of 
benzene ring are substituted with C-C alkyl group, and 
alkylstyrene in which one or more hydrogens of benzene ring 
are substituted with halogen, but not always limited thereto. 
0016. The vinyl monomer is one or more compounds 
selected from the group consisting of alkyl(meth)acrylate and 
ethylenically unsaturated aromatic compound. 
0017. The alkyl(meth)acrylate plays a role in increasing 
compatibility of rubber latex with TPU resin, which is one or 
more compounds selected from the group consisting of meth 
ylmethacrylate, ethylmethacrylate, benzylmethacrylate, 
methylacrylate, ethylacrylate, butylacrylate, glycidyl 
methacrylate and hydroxyethylmethacrylate. 
0018. The ethylenically unsaturated aromatic compound 
plays a role in maintaining transparency and inhibiting light 
scattering generated by the difference of refraction indexes 
between graft copolymer and TPU resinby regulating the two 
different refraction indexes to the same level. At this time, this 
compound could be the same as the one used for the produc 
tion of rubber latex. 

0019. When the content of the rubber latex having multi 
layered structure is less than 50 weight %, low temperature 
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impact strength is not improved. In the meantime, when the 
content of the rubber latex is higher than 85 weight%, com 
patibility of the graft copolymer produced from the rubber 
latex with TPU resin is so poor that transparency and impact 
strength are reduced. 
0020. The rubber latex having multi-layered structure can 
additionally include a cross-linking agent. 
0021. The cross-linking agent herein plays a role in regu 
lating the degree of cross-linking of the rubber latex and can 
be one or more compounds selected from the group consist 
ing of divinylbenzene, ethyleneglycoldimethacrylate, dieth 
ylenegly-coldimethacrylate, triethyleneglycoldimethacry 
laye, 1,3-butyleneglycoldimethacrylate, arylmethacrylate 
and 1,3-butyleneglycoldiacrylate, but not always limited 
thereto. 
0022. The preferable content of the cross-linking agent is 
up to 5 weight % for the total weight of monomer mixture 
comprising conjugated diene monomer, ethylenically unsat 
urated aromatic compound and a cross-linking agent, and the 
more preferable content is up to 2 weight%. When the cross 
linking agent content is within this range, the TPU resin 
composition can have excellent low temperature impact 
strength. 
0023. It is preferred for the rubber latex having multi 
layered structure to be composed of the inner layer having 
higher refraction index than the outer layer. When the refrac 
tion index of the inner layer is higher than that of the outer 
layer, cooler properties and low temperature impact strength 
can be significantly improved. 
0024. The particle diameter and gel content of the rubber 
latex having multi-layered structure are not limited. 
0025. The method for preparing a graft copolymer for 
transparent thermoplastic polyurethane resin of the invention 
is characteristically composed of the following steps: 
0026 a) preparing rubber latex having multi-layered 
structure in which the refraction index of an inner layer is 
higher than that of an outer layer by the processes of 
0027 i) preparing the inner layer of rubber latex by emul 
sion polymerization of 25-75 weight% of the total monomer 
mixture composed of a conjugated diene monomer, an ethyl 
enically unsaturated aromatic compound and a cross-linking 
agent; and 
0028 ii) preparing the outer layer of rubber latex by emul 
sion polymerization of the prepared inner layer after adding 
the remaining 25-75 weight % of the monomer mixture 
thereto; and 
0029 b) preparing thermoplastic graft copolymer by one 
step or multi-step graft polymerization of 50-85 weight% of 
the rubber latex having multi-layered structure prepared 
above and 15-50 weight % of a C-C vinyl monomer. 
0030 The conjugated diene monomer, ethylenically 
unsaturated aromatic compound and the cross-linking agent 
of step i) are used to regulate glass transition temperature and 
the refraction index of the rubber latex, and the contents and 
types of them vary from the types of TPU resins and a target 
property. 
0031. A method for preparing the rubber latex having 
multi-layered structure of i) and ii) is not specifically limited 
and any method that is well-known to those in the art can be 
used. 
0032. The graft polymerization of step b) is performed by 
one-step or multi-step (at least two-steps) emulsion polymer 
ization. At this time, for multi-step (at least two steps) emul 
sion polymerization, the content and composition of graft 
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monomer can be determined according to the kinds of the 
monomer and refraction index of the target graft copolymer. 
0033. In preparation of the graft copolymer, a reaction 
medium, an initiator, an emulsifying agent, a catalyst and a 
stabilizer are not specifically limited and any one that is 
well-informed in this field can be used by generally known 
COntentS. 
0034. The emulsifying agent herein can be selected from 
those well-known to those in the art, andfatty acid salt such as 
fatty acid potassium salt and oleic acid potassium salt and 
alkali metal salt of weak acid are preferably used. 
0035. The polymerization initiator can be selected from 
the group consisting of Such water Soluble polymerization 
initiators as Sodium persulfate, potassium persulfate and per 
oxy compound; and Such fat soluble polymerization initiators 
as cumenehydro peroxide, diisopropylbenzenehydro peroX 
ide, azobis isobutylnitrile, tertiary butylhydro peroxide, 
paramethanehydro peroxide and benzoyl peroxide. 
0036. The conditions for the polymerizations of the inside 
rubber latex, the rubber latex having multi-layered structure 
and the graft copolymer are not limited. 
0037. The transparent thermoplastic polyurethane resin 
composition of the present invention is characteristically 
composed of 5-50 weight% of the transparent thermoplastic 
graft copolymer and 50-95 weight% of the transparent ther 
moplastic polyurethane resin. 
0038. When the graft copolymer is used by less than 5 
weigh%, low temperature impact strength and calendaring 
properties cannot be improved. On the other hand, when the 
graft copolymer is used by more than 50 weight%, mechani 
cal strength of the resin composition is reduced. 
0039. The preferable difference of the refraction index 
between the graft copolymer and the polyurethane resin for 
the production of the transparent thermoplastic polyurethane 
resin composition is up to 0.01. 
0040. If the difference of the refraction index between the 
graft copolymer and the polyurethane resin is more than 0.01, 
the transparency of the thermoplastic polyurethane resin 
composition will be decreased. 
0041. The TPU resin is a rubber elastomer having urethane 
group ( NHCOO ) in its molecular structure, which can be 
processed by injection, extrusion, calendaring and T-Die 
method or apparatus. This resin has excellent mechanical 
strength, wear resistance, flex resistance, coloring properties 
and feeling in addition to the low risk of environmental hor 
mone generation and less chance of air or soil contamination 
by burning, Suggesting that this resin is pro-environmental. 
0042. If necessary, the transparent thermoplastic polyure 
thane resin composition of the invention can additionally 
include a processing oil, a lubricating oil, an anti-oxidant, a 
heat stabilizer, a lubricant and a pigment by the conventional 
COntentS. 
0043. The transparent thermoplastic polyurethane resin 
composition has been tested for transparency with ASTM 
D1003 Haze Meter. And the preferable Haze value for satis 
factory transparency is up to 5 and the preferable b value for 
satisfactory color property is up to 10. Low temperature 
impact strength has been measured with the sample of 0.5 mm 
(thickness)x10 cm x 14 cm after aging at -20°C. for 2 hours. 
The minimum rpm that breaks the sample, when circle saw 
blade spinning at 15 mm/sec is applied, is preferably at least 
500 rpm. 

Best Mode for Carrying Out the Invention 
0044 Practical and presently preferred embodiments of 
the present invention are illustrative as shown in the following 
Examples. 
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0045. However, it will be appreciated that those skilled in 
the art, on consideration of this disclosure, may make modi 
fications and improvements within the spirit and scope of the 
present invention. 

EXAMPLES 

0046. The characteristics of the graft copolymers and 
transparent thermoplastic polyurethane resin compositions of 
examples 1-7 and comparative examples 1-10 were measured 
as follows and the results are shown in table 1 and table 2. 
0047 Refraction index. Each latex prepared in each step 
was heat-dried at 70° C. and refraction index of each resultant 
film was measured with a refractomer (Abbe Co.) at 25°C. 
0048 Calendaring properties—TPU resin composition 
was placed on a 160° C. roll, followed by melting and pro 
cessing for 2 minutes. The processed sheet was separated 
from the surface of the roll. Failure in separation of the sheet 
from the Surface of the roll is indicated as x. Success in 
separation with unclear Surface is indicated as A, and Success 
in separation with clear Surface is indicated as O. 
0049 Transparency. The sheet was cut into 3 mm thick 
samples by using a hot press for the measurement of trans 
parency with an ASTM D1003 Haze meter. Haze values were 
obtained. 
0050. Low temperature impact strength. The sheet was 
cut into samples of 0.5 mm (thickness)x10 cm x 14 cm, fol 
lowed by aging at -20°C. for 2 hours. The minimum rpm that 
broke the sample, when circle saw blade spinning at 15 
mm/sec was applied, was measured. 
0051 Color properties—The sheet was cut into 3 mm 
thick samples by using a hot press for the measurement of 
color properties with standard of ASTM D1003 and b value 
was obtained by using a SUGA color computer. 

Example 1 

0052 (Preparation of Rubber Latex) 
0053. The 120 liter high pressure polymerization vessel 
equipped with a stirrer was filled with 100 weight part of the 
monomer, 150 weight part of ion exchange water, and the 
following additives, 0.5 weight part of buffer, 1.0 weight part 
of potassium oleate, 0.0047 weight part of ethylenediamine 
tetrasodiumacetate, 0.003 weight part of ferrous sulfate, 0.02 
weight part of sodium formaldehyde sulfoxylate and 0.1 
weight part of diisopropylbenzene hydroperoxide. 
0054) To the vessel above were added 29 weight % of 
butadiene (BD), 20 weight% of styrene monomer (SM), and 
1 weight% of divinylbenzene (DVB) for the total monomer 
content, followed by polymerization at 35°C. (step 1). When 
the polymerization conversion rate of the monomer reached 
at least 90%, 50 weight part of butadiene and 0.5 weight part 
of potassium oleate for the 100 weight part of the total mono 
mer were added to the reaction mixture, followed by poly 
merization for 10 hours (step 2) to give styrene-butadiene 
rubber latex of 100 nm in particle diameter. The final poly 
merization conversion rate was 98%. 
0055 (Preparation of MBS Graft Copolymer) 
0056 To an air-tight reactor was added 70 weight% (solid 
content) of the rubber latex obtained above for the total rubber 
latex having multi-layered structure and monomer content. 
The reactor was filled with nitrogen, to which 0.0094 weight 
part of 0.006 weight part of ferrous sulfate and 0.04 weight 
part of sodium formaldehyde sulfoxylate were added for 100 
weight part of the total rubber latex having multi-layered 
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structure and monomer. Then, 18 weight % of methyl 
methacrylate (MMA), 0.18 weight part of potassium oleate, 
18 weight part of ion exchange water and 0.05 weight part of 
t-butylhydro peroxide were additionally added thereto, fol 
lowed by polymerization at 60° C. for 2 hours. Then, 12 
weight % of styrene monomer (SM), 0.0094 weight part of 
ethylenediamine tetrasodium acetate, 0.006 weight part of 
ferrous sulfate, 0.04 weight part of sodium formaldehyde sul 
foxylate, 0.12 weight part of potassium oleate, 12 weight part 
of ion exchange water and 0.05 weight part of t-butylhydro 
peroxide were added, followed by further polymerization at 
60° C. for 2 hours. 
0057 (Preparation of Graft Copolymer Powder) 
0.058 To 100 weight part of the graft copolymer was added 
0.5 weight part of an antioxidant (Irganox-245, Ciba) with 
stirring. 2.0 weight part of HCl was added to separate a 
polymer from water at 70° C., and the obtained polymer was 
dehydrated and dried to give graft copolymer powder. 
0059 (Preparation of TPU Resin Composition Samples) 
0060) 75 weight % of TPU resin having the refraction 
index of 1.5320 (CS195A, SKChemical) was mixed with 25 
weight% of the graft copolymer powder. 0.5 mm thick sheet 
was prepared by using a 160° C. roll for the measurement of 
low temperature impact strength. 

Example 2 
0061 An experiment was performed by the same manner 
as described in example 1 except that 25 weight% of butadi 
ene (BD), 24 weight % of styrene (SM) and 1 weight % of 
divinylbenzene (DVB) were added in step 1 of the rubber 
latex polymerization and then 50 weight% of butadiene was 
added in step 2 of the polymerization. 

Comparative Example 1 
0062 An experiment was performed by the same manner 
as described in example 1 except that 39.5 weight % of 
butadiene (BD), 10 weight% of styrene (SM) and 0.5 weight 
% of divinylbenzene (DVB) were added in step 1 of the 
rubber latex polymerization and then 39.5 weight% of buta 
diene, 10 weight % of styrene and 0.5 weight% of divinyl 
benzene were added in step 2 of the polymerization. 

Comparative Example 2 
0063. An experiment was performed by the same manner 
as described in example 1 except that 50 weight% of butadi 
ene (BD) was added in step 1 of the rubber latex polymeriza 
tion and then 29 weight % of butadiene, 20 weight % of 
styrene (SM) and 1 weight% of divinylbenzene (DVB) were 
added in step 2 of the polymerization. 

Comparative Example 3 
0064. An experiment was performed by the same manner 
as described in example 1 except that 50 weight% of butadi 
ene (BD) was added in step 1 of the rubber latex polymeriza 
tion and then 25 weight % of butadiene, 24 weight % of 
styrene (SM) and 1 weight% of divinylbenzene (DVB) were 
added in step 2 of the polymerization. 

Comparative Example 4 
0065. An experiment was performed by the same manner 
as described in example 1 except that 79 weight% of butadi 
ene (BD), 20 weight % of styrene (SM) and 1 weight % of 
divinylbenzene (DVB) were added at a time for the rubber 
latex polymerization. 
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1 2 1 2 

Rubber Inner layer BD 29 BD 25 BD 39.5 BDSO 
latex (weight%) SM 20 SM 24 SM 10 
having DVB 1 DVB 1 DVB O.S 
multi- Outer layer BD SO BDSO BD 39.5 BD 29 
layered (weight%) SM 10 SM2O 
Structure DVB O.S DVB 1. 

Refraction index 1.5481, 1.SS4Of 1.5324f 1517Of 
(inner layer? outer layer) 15170 15170 1.5324 15481 
Composition of monomer 

grafted 

Example 

TABLE 1 

MMA 18 MMA 18 MMA 18 MMA 18 MMA 18. 
SM12 SM12 SM12 SM12 

(step 1 step 2) 
Graft copolymer 25 25 25 25 

(weight%) 
TPU resin 75 75 75 75 
(weight%) 

Transparency 3.2 3.4 2.7 
(Haze) 
Color 8.98 8.48 
property 
(b value) 

Transparent 
thermoplastic 
TPU resin 
composition 

10.87 

Low 750 720 490 330 
temperature 
impact 
strength 
(rpm) 

0066. As shown in Table 1, the transparent thermoplastic 
polyurethane resin compositions of the invention (examples 
1-2) comprising the rubber latex having multi-layered struc 
ture in which refraction index of the inner layer is greater than 
that of the outer layer have excellent transparency, color prop 
erties and low temperature impact strength, compared with 
the compositions comprising the rubber latex having multi 
layered structure in which refraction index of the inner layer 
is lower than that of the outer layer (comparative examples 
1-3) and the composition comprising the rubber latex having 
monolayer structure (comparative example 4). 

Example 3 

0067. An experiment was performed by the same manner 
as described in example 1 except that 12 weight% of styrene 
(SM) was added in step 1 of the graft polymerization and then 
18 weight % of methylmethacrylate (MMA) was added in 
step 2 of the polymerization. 

Example 4 

0068 An experiment was performed by the same manner 
as described in example 1 except that 24 weight% of meth 
ylmethacrylate (MMA) was added to 60 weight % of the 
rubber latex in step 1 of the graft polymerization and then 16 
weight % of styrene (SM) was added in step 2 of the poly 
merization. 

Example 5 

0069. An experiment was performed by the same manner 
as described in example 1 except that 12 weight% of meth 
ylmethacrylate (MMA) was added to 80 weight % of the 
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Comparative Example 

3 4 

BD SO BD 79 
SM 20 
DVB 1 

BD 25 
SM 24 
DVB 1 
15170 1.5324 
1.5540 (monolayer) 

MMA 18. 
SM12 SM 12 

25 25 

75 75 

4.5 2.6 

1312 1O.S2 

300 470 

rubber latex in step 1 of the graft polymerization and then 8 
weight % of styrene (SM) was added in step 2 of the poly 
merization. 

Example 6 

0070 An experiment was performed by the same manner 
as described in example 1 except that 16 weight% of meth 
ylmethacrylate (MMA) and 2 weight% of glycidylmethacry 
late were added in step 1 of the graft polymerization and then 
12 weight % of styrene (SM) was added in step 2 of the 
polymerization. 

Example 7 

0071. An experiment was performed by the same manner 
as described in example 1 except that 16 weight% of meth 
ylmethacrylate (MMA) and 2 weight % of hydroxyethyl 
methacrylate (HEMA) were added in step 1 of the graft poly 
merization and then 12 weight% of styrene (SM) was added 
in step 2 of the polymerization. 

Comparative Example 5 

0072 An experiment was performed by the same manner 
as described in example 1 except that 6 weight% of methyl 
methacrylate (MMA) was added in step 1 of the graft poly 
merization and then 24 weight% of styrene (SM) was added 
in step 2 of the polymerization. 

Comparative Example 6 

0073. An experiment was performed by the same manner 
as described in example 1 except that 28 weight% of meth 
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ylmethacrylate (MMA) was added in step 1 of the graft poly 
merization and then 2 weight% of styrene (SM) was added in 
step 2 of the polymerization. 

Comparative Example 7 
0074 An experiment was performed by the same manner 
as described in example 1 except that 32 weight% of meth 
ylmethacrylate (MMA) was added to 45 weight % of the 
rubber latex in step 1 of the graft polymerization and then 23 
weight % of styrene (SM) was added in step 2 of the poly 
merization. 

Comparative Example 8 
0075 An experiment was performed by the same manner 
as described in example 1 except that 6 weight% of methyl 
methacrylate (MMA) was added to 90 weight% of the rubber 
latex in step 1 of the graft polymerization and then 4 weight% 
of styrene (SM) was added in step 2 of the polymerization. 

Comparative Example 9 
0076 An experiment was performed by the same manner 
as described in example 1 except that 40 weight % of TPU 
resin and 60 weight % of graft copolymer were used for 
preparing the TPU resin composition sample of example 1. 

Comparative Example 10 
0077. An experiment was performed by the same manner 
as described in example 1 except that 99 weight % of TPU 
resin and 1 weight% of graft copolymer were used for pre 
paring the TPU resin composition sample of example 1. 

TABLE 2 

Difference of 

Monomer composition for graft refraction 
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0078. As shown in Table 2, the transparent thermoplastic 
polyurethane resin compositions of the invention which 
included the graft copolymerand allowed the graft copolymer 
content and the difference of refraction index between TPU 
resin and the graft copolymer in the range of the invention 
(example 1 and examples 3-7) were confirmed to have excel 
lent calendaring properties, transparency and low tempera 
ture impact strength. 
0079. However, even if the graft copolymer content was in 
the range of the present invention, when the difference of 
refraction index between the graft copolymer and TPU resin 
was more than 0.001 (comparative examples 5 and 6), calen 
daring properties and low temperature impact strength were 
maintained but transparency was significantly reduced. 
0080. On the other hand, even if the difference of refrac 
tion index between the graft copolymer and TPU resin was 
not more than 0.01, when the content of the rubber latex 
having multi-layered structure was more than or less than the 
range of the invention, calendaring properties, transparency 
and low temperature impact strength of the transparent ther 
moplastic polyurethane resin compositions (comparative 
examples 7 and 8) were significantly reduced. 
0081. Even if the difference of refraction index between 
the graft copolymer and TPU resin was not more than 0.01, 
when the content of the graft copolymer was more than or less 
than the range of the invention, calendaring properties, trans 
parency and low temperature impact strength of the transpar 
ent thermoplastic polyurethane resin compositions (com 
parative examples 9 and 10) were significantly reduced. 

INDUSTRIAL APPLICABILITY 

I0082. As explained hereinbefore, the present invention 
provides a graft copolymer for transparent thermoplastic 

Transparent thermoplastic polyurethane resin 
composition 

Graft copolymer preparation index between Low 
copolymer (weight%) graft temperature 

content Rubber Step 2 copolymer and Calendaring Transparency impact strength 
(weight%) latex Step 1 graft graft TPU resin properties (Haze) (rpm) 

Example 1 25 70 MMA 18 SM12 O.OOO2 C3 3.2 750 
Example 3 25 70 SM12 MMA 18 O.OOO1 C3 3.0 68O 
Example 4 25 60 MMA 24 SM 16 O.OOOS C3 2.8 610 
Example 5 25 80 MMA 12 SM 8 O C3 4.9 78O 
Example 6 25 70 MMA 16 SM12 O.OO1 C3 3.6 82O 

GMA2 
Example 7 25 70 MMA 16 SM12 O.OO1 C3 3.1 790 

HEMA 2 
Comparative 25 70 MMA 6 SM 24 O.O12 C3 8.0 S4O 

example 5 
Comparative 25 70 MMA 28 SM2 O.O104 C3 8.3 730 

example 6 
Comparative 25 45 MMA 32 SM 23 O C3 2.9 440 

example 7 
Comparative 25 90 MMA 6 SM4 O.OOO2 A 10.2 32O 
example 8 
Comparative 60 70 MMA 18 SM12 O.OOO2 C3 6.7 410 

example 9 
Comparative 1 70 MMA 18 SM12 O.OOO2 X 210 

example 10 
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polyurethane resin having multi-layered structure in which 
refraction index of the inner layer is higher than that of the 
outer layer that favors the improvement of low temperature 
impact strength of TPU resin co-used herein, and a preparing 
method of the same. 
0083. The present invention also provides a thermoplastic 
polyurethane resin composition having excellent color prop 
erties, calendaring properties, low temperature impact 
strength and transparency. 
0084 Those skilled in the art will appreciate that the con 
ceptions and specific embodiments disclosed in the foregoing 
description may be readily utilized as a basis for modifying or 
designing other embodiments for carrying out the same pur 
poses of the present invention. Those skilled in the art will 
also appreciate that such equivalent embodiments do not 
depart from the spirit and scope of the invention as set forth in 
the appended claims. 

1. A graft copolymer for transparent thermoplastic poly 
urethane resin prepared by graft copolymerization of 

(a) 50-85 weight % of rubber latex having multi-layered 
structure composed of an inner layer and an outer layer 
comprising a conjugated diene monomer and an ethyl 
enically unsaturated aromatic compound in which the 
refraction index of the inner layer is greater than that of 
the outer layer, and 

(b) 15-50 weight% of a C-C vinyl monomer. 
2. The graft copolymer for transparent thermoplastic poly 

urethane resin according to claim 1, wherein the conjugated 
diene monomer is one or more compounds selected from the 
group consisting ofbutadiene, isoprene and chloroisoprene. 

3. The graft copolymer for transparent thermoplastic poly 
urethane resin according to claim 1, wherein the ethylenically 
unsaturated aromatic compound is one or more compounds 
selected from the group consisting of Styrene, alpha-methyl 
styrene, isopropenylnaphthalene, vinylnaphthalene, alkylsty 
rene in which one or more hydrogens of benzene ring are 
Substituted with C-C alkyl group, and alkylstyrene in which 
one or more hydrogens of benzene ring are substituted with 
halogen. 

4. The graft copolymer for transparent thermoplastic poly 
urethane resin according to claim 1, wherein the rubber latex 
having multi-layered structure additionally includes a cross 
linking agent. 

5. The graft copolymer for transparent thermoplastic poly 
urethane resinaccording to claim 4, wherein the cross-linking 
agent is one or more compounds selected from the group 
consisting of divinylbenzene, ethyleneglycoldimethacrylate, 

Mar. 11, 2010 

diethyleneglycoldimethacrylate, triethyleneglycold 
imethacrylaye, 1,3-butyleneglycoldimethacrylate, aryl 
methacrylate and 1,3-butyleneglycoldiacrylate. 

6. The graft copolymer for transparent thermoplastic poly 
urethane resinaccording to claim 4, wherein the cross-linking 
agent is included by 5 weight '% at maximum in the total 
content of the monomer mixture composed of the conjugated 
diene monomer, the ethylenically unsaturated aromatic com 
pound and the cross-linking agent. 

7. The graft copolymer for transparent thermoplastic poly 
urethane resin according to claim 1, wherein the vinyl mono 
mer is one or more compounds selected from the group con 
sisting of alkylacrylate, alkylmethacrylate and the 
ethylenically unsaturated aromatic compound. 

8. A method for preparing a graft copolymer for transparent 
thermoplastic polyurethane resin comprising the following 
steps: 

a) preparing rubber latex having multi-layered structure in 
which the refraction index of an inner layer is higher 
than that of an outer layer by the processes of 

i) preparing the inner layer of rubber latex by emulsion 
polymerization of 25-75 weight% of the total monomer 
mixture composed of a conjugated diene monomer, an 
ethylenically unsaturated aromatic compound and a 
cross-linking agent; and 

ii) preparing the outer layer of rubber latex by emulsion 
polymerization of the prepared inner layer after adding 
the remaining 25-75 weight% of the monomer mixture 
thereto; and 

b) preparing thermoplastic graft copolymer by graft poly 
merization in one-step or multi-step of 50-85 weight% 
of the rubber latex having multi-layered structure and 
15-50 weight% of a C-C vinyl monomer. 

9. A transparent thermoplastic polyurethane resin compo 
sition containing 5-50 weight % of the graft copolymer of 
claims 1 and 50-95 weight% of the transparent thermoplastic 
polyurethane resin in which the difference of the refraction 
index between the graft copolymer and the polyurethane resin 
is up to 0.01. 

10. The transparent thermoplastic polyurethane resin com 
position according to claim 9, wherein the transparent ther 
moplastic polyurethane resin composition additionally 
includes one or more additives selected from the group con 
sisting of a processing oil, a lubricating oil, an anti-oxidant, a 
heat stabilizer, a lubricant and a pigment. 
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